The mouse bioassay has been used as the official method for paralytic shellfish poisoning toxins detection in Japan since 1980. However, differences in the results of this assay, when performed by different investigators, have been noted despite the use of the same sample. This study was performed to examine the effect of the injection speed, a hypothetical cause of such differences, on the death time of mice. Speed-controlled injection of the toxin (at 12, 6, 3, and 1.5 mL/min) into mice was performed using a syringe pump, and the death times of mice were measured. No statistically significant differences were found among the groups, even between fast injection (5 s) and very slow injection (40 s), indicating that the injection speed may not be the crucial factor for this assay.
Introduction
The mouse bioassay (MBA) has been used as the official method for detecting paralytic shellfish poisoning (PSP) toxins in Japan since 1980 (Veterinary Sanitation Division, 1980) . The MBA for PSP toxins is briefly as follows: five or more male ddY mice weighing 19-21 g (about 4 weeks of age) are intraperitoneally (ip) injected with 1 mL of acid extract of the shellfish sample, and the time of death (the time from the end of the injection to the last gasp of breath) is observed. If the median death time is <5 min, the assay is repeated by diluting the extract so that the animals die 5-7 min after injection. The toxicity of the sample, expressed in mouse unit (MU), is calculated from the median death time of total of 5 or more mice, by using Sommer's table (table for the relationship between death time and MU for PSP toxins). If mice weighing <19 g or >21 g are included in the assay, weight correction using a correction table for the weight of the mice is needed. The Japanese official method is basically conformed to the AOAC official method 959.08 (AOAC, 2005) . In the AOAC official method 959.08, however, the use of a saxitoxin (STX) standard provided by the US Food and Drug Administration (FDA) as control is required every day or at least once a week, and toxicity is expressed by the STX equivalent (µg), instead of MU, which is calculated by using the result of STX standard because of the differences of mouse strain, gender, and conditions, for example. Moreover, the AOAC official method does not provide any detail regarding the requirements for mouse strain and gender. In Japan, however, the possession of STX is restricted by the Act on the Prohibition of Chemical Weapons and the Regulation of Specific Chemicals; therefore, the STX standard cannot be used in most facilities. Accordingly, in the Japanese official method, the strain and gender of the mice used are designated as an alternative to using the STX standard (Oshima, 2005) .
Differences in the results of the MBA when performed by different investigators usually occurred, although the same sample was tested. Furthermore, the toxicity values obtained by inexperienced investigators, who have not been trained to handle mice, are often lower than those obtained by experienced investigators (personal communication). These differences among the results obtained by different investigators, hereafter referred to as personal differences, have shown similar trends almost every time; for example, the toxicity results determined by one researcher were almost always higher than those by another. These personal differences have also been seen in the results obtained using the STX standard according to the AOAC official method. In the AOAC official method, however, these personal differences are not problematic, because the results of the test samples are always compared with that of the STX standard. In contrast, in the Japanese official method, in which a standard is not used, these personal differences may be potentially problematic.In this study, we first showed examples of personal differences in the results of the MBA by different investigators. We then examined the effect of injection speed, a hypothetical cause of personal differences, on the time of death of the mice in the MBA.
Materials and Methods

Toxins
Saxitoxin (1 µg/mL) was provided by the US Food and Drug Administration (FDA) and used after 3-fold dilution, which was determined by a preliminary study.
Animals
Specific pathogen-free male ddY mice 4 weeks age were purchased from Japan SLC Inc. (Shizuoka, Japan) and kept in our animal facility for 1 day. The mice were kept at room temperature of 20-26°C and relative humidity of 30-70%, with a 12-h light-12-hour dark (9 a.m.-9 p.m. and 9 p.m.-9 a.m., respectively) cycle. The mice were housed in plastic cages with wood chip bedding and fed commercial pellets (CRF-1; Charles River Japan Inc., Kanagawa, Japan) and tap water ad libitum. All animal experiments were conducted with the approval of the Animal Care and Use Committee of the National Institute of Health Sciences, Japan (approval No.11, March 30, 2012) .
Mouse bioassay by two different investigators
The MBA method basically followed the Japanese official method (Oshima, 2005) . Briefly, 3-fold diluted STX standard (1 mL) was ip injected into 5 male ddY mice weighing 19-21 g, and the times of death of the mice were recorded. The toxicity results (MU) were calculated using Sommer's table and the correction table for weight of the mice. This was carried out independently by 2 investigators. The examinations were performed in the same animal room at the same time. Diluted STX standard was prepared in 1 tube, mixed well, and used together by the 2 investigators. Mice were randomly used from the same cages. The examinations were performed twice. The 2 investigators had at least 15 years of experience of laboratory animal experiments and were well trained in the handling of mice. 
Effects of injection speed on mouse bioassay
The MBA method followed the Japanese official method (Oshima, 2005) ; however, some of the mice weighed 18.5-19 g, which was slightly lighter than the recommended weight. Speed controlled ip injections were performed using a syringe pump (FUSION100; CHEMIX Inc., Stafford, TX, USA), instead of manual injection. The injection times for 1 mL of inocula were set as 5, 10, 20, and 40 s, i.e. the injection speeds were 12, 6, 3, and 1.5 mL/min, respectively. The time of death was measured, and toxicity results (MU) were calculated by using Sommer's table and the correction table for the weight of the mice. The experiments were performed 3 times.
Statistical analysis
The average and standard deviation (SD) of the median toxicity value of each injection speed of 3 experiments were statistically compared using the Student t test. Probabilities of less than 0.05 were considered significant.
Results and Discussion
The results of the MBAs conducted by 2 different investigators are shown in Table 1 . In both experiments, the toxicity values obtained by investigator 2 were higher than those obtained by investigator 1. The differences between the results obtained by the 2 investigators were approximately 5-10% of the MU, when compared with the median value, according to the official methods. Furthermore, the average values obtained by investigator 2 were higher than those obtained by investigator 1. However, no significant differences were found between the results obtained by the 2 investigators in both experiments. In this paper, only the results of 2 experiments are shown as examples; still, these trends are routinely found.
The time of death of the mice injected with different injection speeds are shown in Table  2 and the results of the statistical analyses of the 3 experiments are shown in Table 3 . There were no statistically significant differences among the groups injected with the different injection speeds, even between fast injection (5 s) and very slow injection (40 s). The actual differences observed in the injection speeds of the 2 investigators were smaller than the differences in injection speeds in this study. Therefore, this indicates that the injection speed may not be the crucial factor for determining the time of death of the mice. It is thought that such personal differences may be produced by more complex and unquantifiable factors, but the reasons are not clarified in this study.
Conclusions
To conclude, there is no standard used in the Japanese official method, as mentioned above. At present, decarbamoyl STX (dcSTX) -one of the derivatives of STX -is being considered for use as a standard instead of STX (Oshima, 2009) . The usage of dcSTX as a standard would help to minimise individual differences in mice, together with the personal differences discussed in this paper. 
